N-Nitrosofenfluramine induces cytotoxicity via mitochondrial dysfunction and oxidative stress in isolated rat hepatocytes.
The cytotoxic effects of fenfluramine, an appetite suppressant, and its N-nitroso derivative, N-nitrosofenfluramine, have been studied in freshly isolated rat hepatocytes and isolated hepatic mitochondria. Exposure of hepatocytes to N-nitrosofenfluramine caused not only concentration (0.25-1.0 mmol L(-1)) and time (0-3 h)-dependent cell death accompanied by the loss of cellular ATP, adenine nucleotide pools, reduced glutathione (GSH), and protein thiols, but also the accumulation of oxidized glutathione and malondialdehyde (MDA), indicating lipid peroxidation. There was a time lag for the onset of the accumulation of MDA after the rapid depletion of ATP. Supplementation of the hepatocyte suspensions with N-acetylcysteine (4 mmol L(-1)), a precursor of intracellular GSH, partially inhibited N-nitrosofenfluramine (1 mmol L(-1))-induced cytotoxicity. In comparative effects based on cell viability and rhodamine 123 retention, an index of mitochondrial membrane potential, fenfluramine was less toxic than N-nitrosofenfluramine. In mitochondria isolated from rat liver, N-nitrosofenfluramine caused an increase in the rate of state-4 oxygen consumption, indicating an uncoupling effect, and a decrease in the rate of state-3 oxygen consumption in a concentration-dependent manner. These results indicate that (a) mitochondria are target organelles for N-nitrosofenfluramine, which elicits cytotoxicity through mitochondrial dysfunction related to membrane potential and/or oxidative phosphorylation at an early stage and subsequently lipid peroxidation at a later stage; and (b) the toxicity of N-nitrosofenfluramine is greater than that of fenfluramine, suggesting participation of the nitroso group in the toxicity.